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Purpose: 
 The purpose of this project was to fabricate a dammann grating to couple a dual core, 
double-clad Yitterbium doped fiber laser. Note that the dammann grating not only couples, but 
also separates the fiber lasers. This effect of coupling and separating effectively completes the 
resonance cavity of the fiber laser system. This work was done for Professor Leger’s fiber laser 
lab that hopes to prove that self-phasing in coherently combined fiber lasers is caused by the 
Kramers Kronig effect. A diagram of the fiber laser system can be found in the appendix under 
figure A1 [1].  
Introduction: 
 The dammann grating fabricated for this project was a binary phase grating. The 
characteristics of this grating can be described as a step-like function with equal width spacing. 
As seen in equation 1, when light with wavelength λ passes through the grating it is diffracted in 
to multiple orders of m with angular separation θ determined by the period of the structured 
denoted by Λ [4].  
sin θ = m λ/ Λ     Equation 1 
The power distribution of the emitted light is determined by the structure of the grating. 
The distribution that is observed after light passes through the grating can be described as the 
superposition of plane waves. The diffraction pattern that is ideal for coupling the fiber lasers in 
our case will have eighty-one percent of its power in the first and negative first order [5]. 
Fabrication  
The design of the dammann grating can be seen in figure A2. Notice that there are four 
designs on one fused silica substrate. This was done to increase the chance of producing a good 
phase grating. Factors that could have led to a bad grating included having scratches or 
imperfections on the surface, having the incorrect depth for the step like structure, or having 
misaligned features. 
To accomplish this design a fabrication technique called photolithography was used. The 
steps taken in this process are displayed below [2], and are visualized in figure A3 [4]. 
 Clean substrate in three separate baths of acetone, methanol, and isopropyl 
alcohol in that order. Then rinse with deionized water. 
 Put substrate in a dehydration bake at 150 oC and bake for 4 minutes. 
 For adhesion purposes, prime substrate in hexamethyldisilazane (HMDS) for 5 
minutes. 
 Apply a thin coat of S1813 photoresist using a spin coater. This should leave an 
average photoresist coating of 1.5 μm. 
 Soft bake substrate at 115 oC for 5 minutes. 
 Expose the substrate to three 3 second long pulses of UV light photoresist side up. 
 Develop in 351 developer for 45 seconds. 
 Bake substrate for 6 minutes at a temperature of 115 oC, and then clean using the 
same bath method as before. 
 Use a profiler to measure the thickness of the photoresist. 
 Etch substrate in 10:1 buffered oxide etchant for approximately 20 minutes. 
 Use profiler to measure the depth of the structure after etching, and apply the 
etching steps until the desired depth is met. 
 Once desired depth is met clean photoresist off of the substrate, and the grating is 
finished. 
Analysis and Results 
 After the fabrication was finished the dammann grating was tested to see if it evoked a 
diffraction pattern that contained 81% of its power in the first and negative first order. The 
optical setup for the testing consisted of a 1062 nm fiber laser, two lenses with focal lengths of 
three and thirty-six centimeters, and a CCD camera. The assembly occurs in this order. 
 First the fiber laser passes through a lens with a focal length of three centimeters. The 
fiber laser is approximately at the focal point of the first lens, and this causes the light source to 
become a plane wave as describe above [3]. The plane wave then passes through the dammann 
grating and the diffraction pattern is emitted. Finally the diffraction pattern is magnified by the 
second lens and is imaged using the CCD camera and imaging software.  The result of the 
dammann rating is shown below, and it was found that the top right grating produced the best 
power distribution with 80.1% of the power in the first and negative first order [2].  
 
Figure 1, image of diffraction pattern evoked by dammann grating. 
Conclusion: 
 Using photolithography techniques we were able to fabricate a dammann grating of depth 
1.16 μm. The dammann grating successfully evoked a diffraction pattern were 80.1% of the 
power was distributed in the first and negative first order. With this new dammann grating 
Leger’s fiber laser lab hopes to further study the relationship between the Kramers Kronig effect 
and self-phasing in their fiber laser system.  
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Appendix 
 
 
 
 
Figure A1, experimental setup of fiber laser system. 
Figure A2, design of phase grating with details of the parameters. 
  
Figure A3, diagram of steps taken to fabricate dammann grating. 
